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COMPLETE SPECIFICATION 
New Fluorination Process 



We, Allied Chemicai- CoRPORAnoN, a 
Corporation organized and existing under 
the laws of the State of New York, United 
States of America, of 61, Broadway, New 

5 York 6, New York, United States of America, 
do hereby declare the invention for which we 
pray that a patent may he granted to us, 
and the method by which it is to be per- 
formed to be particularly described in and 

10 by the following statement: — 

THIS INVENTION relates to ±e fluorina- 
tioft of l,l,2-trichloro-l,2,3,3,3-pentafluoro- 
ptopane, CF^CFQCPa:, b.p, 73—74° C, 
and to the preparation of 1,2-dichloro- 

15 1,1,2,3,3,3-hexafluoropropane, CF3CFCICF.- 
Cl, b.p. about -35° C. 

1,2 - dichloro - 1,1^3,3,3 - hexafluoro- 
propane is useful as a solvent, a heat transfer 
jnedium, a dielectric material, and as an inter- 

20 mediate for manufacture of refrigerants and 
perfluoropropene. 

It has been proposed to make 1 : 2-dichloro- 
hexafiuoropropane by the liquid phase reac- 
tion of a chlorofluoropropane and an antimony 

25 chlorofluoride fluorinating agent at relatively 
high temperature and high pressure in a 
sealed bomb. Such a procedure is obviously 
uncommercial. Moreover, fluorination reac- 
tions of the general type to which the inven- 

30 tion relates have been ejffected by means of 
powerful fluorinating agents such as cobaltic 
fluoride. Fluorinations of this nature necessi- 
tate separate stage refluorination of the 
fluorinating agent with elemental fluorine, the 

35 use of which constitutes a sdf-evident dis- 



75 



The present invention provides a process 

CFjCFQCFaj+HF ^ 

Product recovery may be effected by methods 
conventional in this art For example, the 
products ' leaving the reaction zone may be 
passed through scrubbers to remove hydrogen 

[Price 4s. 6d.] 



for making l,2-dichloro-l,l,2,3,3,3-hexafluoro- 
propane by the fluorination of 1,1,2-trichloro* 
1,2,3,33-pentafluoropropane which can be 
carried out continuously at relatively low 
temperatures and at substantially atmospheric 
pressure. The new process moreover avoids 
disadvantages inherent in processes involving 
use of sealed bom.bs or elemental fluorine. 

According to the present invention a pro- 
cess for making l,2-dichloro-l,l,2,3j3,3-hexa- 
fluoropropane comprises subjecting l3l,2-tri- 
chioro - 1,2,3,3,3 - pentafluoropropane to 
die action of gaseous substantially anhydrous 
hydrogen fluoride, in the gas phase, at sub- 
stantially atmospheric pressure and a tempera- 
ture not substantially higher than 150° C, 
and in the presence of a solid, activated 
carbon-pentavalent antimony fiuoro-chloride 
catalyst in which the antimony halide com- 
ponent has a composition corresponding to 
Sb Fx Cls.z in which x is at least equal to 2 
but less than 5. 

Thus m a typical procedure gaseous 1,1,2- 
tricfaloro - 1,2,3,3,3 - pentafluoropropane and 
gaseous anhydrous hydrogen fluoride are con- 
tinuously metered, mixed and fed into a 
tubular reaaor which is packed, preferably 
full, of solid, activated carbon-antimony 
fluorochloride catalyst and which may be 
made of inert material such as nickel 
"Monel", (Registered Trade Mark) or "In- 
conel" (Registered Trade Mark), and 
enveloped in a suitable tubular electric furnace 
provided with automatic heating to maintain 
the desired reaction zone tonperature. The 
reaction involved in the invention may be 
represented by 

CF,CFacFja+Ha. 

fluoride and hydrogen chloride, and the 
material leaving, the scrubbers may be dried, 
and then totally condensed in a receiver by ' 
suitable coolin|, such as that obtained by. 
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the use of a dry ice-acetone mixture. The 
resulting condensate may then be fractionally 
distilled in suitable equipment for recovery of 
die desired produa, and separation of unre- 
5 acted materials which may bfe recycled. 

The catalyst may be made by impr^ating 
activated carbon with pentavalent antimony 
fiuorochloride. The activated carbons v^ch 
may be used are granular materials readily 
iO available from several commercial sources. 
Suitable materials are various grades of about 
8 — 14 mesh activated carbon^ such as 
Columbia 6G, Columbia SW and 'T)arco" 
(Registered Trade Mark). The granular size 
• 15 of tibe activated carbon employed is not highly 
criticaL Ordinarily, the reaction is carried 
out in elongated tubular reactors and in these 
instances it is deskable to employ in the 
catalyst activated carbon granules of average 
20 mesh size between 1/20 and 1/4, or better 
1/8 to a 1/10, of the reactor diameter. 

Incorporation of pentavalent antimony 
fluorochloride into die activated carbon may 
be accomplished in various ways. For example, 
25 ^ carbon granules may be impregnated, 
for example by soaking, with an aqueous 
solution of either antimony trichloride or 
antimony trifluoride, dried by heating to 
remove water, and the trivalent antimony 
30 converted to penavalent by passing chlorine 
through the material at about 50—100" C. 
Another metiiod of catalyst prq)aration 
includes impr^nation of activated carbon 
granules with a volatile, organic, non-reactive 
35 solvent containing dissolved antimony penta- 
chloride or antimwiy trichloride, the solvent 
being for example a fluorinated hydrocarbon 
such as l,l,2-trichloro-l,2,2-trifluoroethane 
for antimony pentachloride, or carbon di- 
40 sulphide for antimony trichloride. The mass 
may be dried by heating to remove the solvent 
and trivalent antimony (when present) con- 
vened to the pentavalent form by treatment 
mth chlorine^ at e.g. 50r-100^ C. In situa- 
45 tions in which a greater antimony fluoro- 
chloride loading of the activated caibon is 
desired, liquid antimony pentachloride may 
be slowly poured into the top of a column 
of activated carbon^ and permitted to percolate 
50 down through the cohimn. Excess liquid 
antimony pentachloride is drained from the 
column by gravity. Following impregnation 
of the activated cafbcm granules, and subse- 
quent to conversion wfaue necessary, of all 
55 tlie antimony to antimony pentachloride, the 
impregnated carbon may be gassed with 
hydrogen fluoride at, for exampl^ 40—115*' 
C. to convert tiie antimony pentachloride to 
pentavalent antimony chlorofluoride. 
60 The relative proportions of activated car- 
bon and pentavalent antimony fluorochloride 
in the finished solid catalyst may vary con- 
siderately. Generally, the finished catalyst 
preferably contains at least about 25% by 
65 -weight of garboA- Whatever method for 



making the catalyst is employed, the pro- 
cedure and the relative amounts of activated 
carbon and antimony halide should ordinarily 
be regulated so that the amount of penta- 
valent antimony fluorochloride incorporated 70 
with the activated carbon is such as to 
provide in the finished catalyst at least 10% 
by weigjit of antimony (expressed as Sb). 
Tlie weight content of antimony (expressed as 
Sb) may vary from 10% up to about 35%, 75 
prderably being 20 to 30%. 

The composition of the pentavalent 
antimony fluorochloride component of the 
finished catalyst may likewise be varied to 
some extent The composition can be adjusted 80 
by die degree of treatment with hydrogen 
fluoride of the mass comprising activated 
carbon and antimony pentachloride. As 
akeady stated, the composition of the penta- 
valent antimony fluorochloride component of 85 
the finished catalyst may be represented by 
the formula SbF^Qs-x, and tiie treatment 
with hydrogen fluoride should be regulated 
so that X is at least equal to two but less 
than five, preferably at least three but less 90 
than five. 

When 1,1,2 - trichloro - 1^3,3,3 - penta- 
fluoropropane and anhydrous hydrogen 
fluoride have been charged into the reactor, 
significant reaction proceeds at any tempera- 95 
ture high enough to maintain the organic 
starting material and hydrogen fluoride both 
in the gas phase. Ordinarily, it is preferred 
to maintain the reactor temperature at not 
less than about 90° C. As noted, the above 100 
described catalyst initiates reaction of the 
said organic starting material and hydrogen 
fluoride at remarkably low temperatures, and 
the reaction zone temperature should be not 
substantially higher than 150** C. Usually, 105 
temperatures as high as about 150" C. afford 
no particular advantage, and it is preferred 
to maintain the reaction zone temperature 
not higher than about 130° C, and preferably 
at 90—130*' C. 110 

The theoretically required mol ratio of 
hydrogen fluoride to organic starting material 
is approximately 1:1: Less than theoretical 
quantities of hydrogen fluoride may be 
employed, but to no advantage, and such 115 
proportion of reactants is not preferred. Pre- 
ferably molecular excesses of hydrogen fluoride 
are utilized, and while such mol ratios of 
hydrogen fluoride rorgam'c starting material 
may, for example, lie in the range of 1:1 120 
to 5:1, they are preferably from 2:1 to 
4:1. 

^ During the course of the reaction a rela- 
tively small amount of free chlorine may be 
fed into the reactor with the hydrogen fluoride 125 
and organic starting material, to maintain 
tlie antimony halide catalyst in the penta- 
valent form. The quantity of chlorine so 
chai;^ may vary horn 0.1 to 05 mxAs of 
chlorine per mol of hydrogen fluoride charged. 13Q 
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indicated above, the process may be 
carried out at substantially atmospheric pres- 
sure. It will be tmderstood that in the prac- 
tice of gas-phase catalytic processes of the 

5 general type described herem, i.e. processes 
in which a gas stream flows successively 
through reaction and product recovery systems, 
the pressure is considered for all practical 
purposes as being substantially atmospheric. 

10 Technically, however, pressures in such 
systems are sufficiently on the positive side 
to cause commercially satisfactory gas flow 
through the apparatus traia Thus, stricdy 
speaking, depending upon faaors such as- 

15 apparatus design, mesh size of catalyst un- 
packed gas space m the reactor, desired con- 
taa tim^ etc., actual pressures in systems 
of the kind under consideration may vary 
from 0.14 up to say 07-^1.05 kg./sq. cm. 

20 gauge, and accordingly operations of this type 
are included in the designation of substantiaUy 
atmospheric pressure. 

Contact time may be varied considerably 
without noticeable falling off in process 

25 efficiency. Generally, increasing contact time 
and reactor temperature results in greater 
r^cdon. Significant conversions are effected 
wldi contact times as short as one second, 
but amtact times may be as hig^ as 120 

30 seconds. Pteferably, contact times lie in 
the range of 2 to 20 seconds. To a substantial 
extent, contact time, reactor temperature and 
ratio of reactants are inter-related, and 
depending upon apparatus and the particular 

35 operation at hand, optimum conditions as to 
contact time may be determined by test 
runs. 

For product recovery the products of the 
reaction, which contain 1,2-dichloro- 

40 1,1,2,3,33 - hexafluoropropane, unreacted 
organic starting material, hydrogen fluoride 
and hydrogen chloride may be fed through 
a water scrub tower to remove the bulk of 
the hydrogen fluoride and hydrogen chloride 

45 from the gas streanL The latter, after dis- 
charge from the water scrubber, may be passed 
through a relatively weak, e.g. 10%, sodium 
hydroxide solution to remove traces of residual 
add. After drying, by desiccants sudi as 

50 Drierite or calcium chloride, the dried gas 
stream dien may be fed into a cold trap, 
refrigerated for example by a —78° C dry 
ice-acetone mixture, and totally condensed. 
The condensate in the trap may then be 

55 suitably fracdonaUy distilled to recover sub- 
stantially pure l,2-dichloro-l,l,2333-hexa- 
fluoropropane. 

The following Example illustrates the inven- 
tion. 

60 Example 

In tiiis run the activated catbon-penta- 
valent antimony fluorochloride catalyst was 
made in ntu in the reactor. The latter con- 
sisted of a vertically mounted nickel pipe, 

65 2.5 cms internal diameter and 91 cms kmg. 



enveloped in a cylindrical electric furnace. 
The lower end of the reactor was provided 
with connections for introduction of separately 
metered quantities of vaporous 1,1,2-tridiloro- 
l>Z3j3,3-pentafluoropropane, vaporous, sub- 70 
stantially anhydrous hydrogen fluoride, and 
chlorine. At the outset, the reactor was 
packed with about 8—14 mesh Columbia 6G 
activated carbon. About 704 g. of liquid 
antimony pentachloride were fed into the top 75 
of die reactor. Unabsorbed surplus antimony 
pentachloride drained by gravity from the 
bottom of the activated carbon bed. The mass 
of activated carbon saturated with antimony 
penachloride was then gassed with anhydrous 80 
hydrogen fluoride at about 80—110° C. at 
a rate of about 2 mols/hr. for about 6 hrs. 
The amount of liquid antimony pentachloride 
fed into the reaaor and the degree of absorp- 
tion of the antimony hah'de by the activated 85 
carbon was such that the finished catalyst 
contamed about 28% by weight of pentavalent 
antimony (expressed as Sb). 

On completion of formation of the activated 
carbon-pientavaknt antimony fluorochloride 90 
catalyst in the reactor, internal temperature in 
the reactor was brought up to about 115° C. 
and maintained at about this value throughout 
the fluorination of l,l,2-trichloro-l,2,3,3,3- 
pentafluoropropane. Diring a two hour period, 95 
about 283 g. (1.19 mols) of 1,1,2-trichloro- 
lA3,3,3-pentafluoropropane were metered 
into the reactor at a rate of about 0.6 mol/hr.; 
about 81.0 g. (4.05 mols) of anhydrous hydro- 
gen fluoride were metered into the reactor 100 
at a rate of about 2.03 mols/hr.; and about 
35.0 g. (0.493 mol) of chlorine was fed into 
tiic reaaor at a rate of about 0.247 mol/hr. 
The mol ratio of hydrogen fluoride to 1,1,2- 
trichloro - 1,2,3,3,3 - pentafiuort^ropane in 105 
the reactor feed was about 3.4:1. Contaa 
time was about 3 seconds. Pressure in the 
reactor and recovery sj^em was about 
0.035—0.07 lig/sc[.cm gauge, i.e. just 
sufficiently above atmospheric to effect flow of 110 
gas through the system. The materials leaving 
the reactor were passed into a conventional 
recovery train in which the reaaor exit gas 
stream was water-scrubbed, scrubbed with 
aqueous NaOH, dried, and finally totally 115 
liquefied by condensation in a dry ice-acetone 
cooled trap at approximately —78® C. The 
total amount of organic substances condensed 
in the trap was about 218 g. On distillation 
of the condensate, there were recovered about 120 
88.0 g. (0.398 mol) of 1,2-dichloro.l, 1^3,3,3- 
hexafluoropropane, CFjCFaCFja, b.p. about 
-33" C; and about 122 g. (0.514 mol) of 
1,1,2 - trichloro - 1A333 - pentafluoro- 
propane, CF.CFaCFai, b.p. about 73— 125 
74** C The reaction produa thus contained 
about 44 mol % of die desired 1,2-dichloro. 
I,l,23933-hexafluor0propane, the remainder 
being unreacted l,l,2-trichloro-l,2,3,3,3- 
penlifluoropropane starti&g materkL The 130 
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absence in the cold trap condensate of organic 
compounds odier ttian l,Z-dicfaloio-l,l>2,3>3,3- 
hexafliioropiopane and unieacted starting 
material indicates a substantially 100% yield 
5 of desired product based on the starting 
material converted.* 

WHAT WE CLAL\1 IS;— 

1. A process for making l,2^dichlQro- 
14a233^3,3 - hezafiiuoropro^ane which com- 

10 prises subjecting 1^1^ - trichloro - 1,2,3,3,3- 
pentafiuoropropane to the action of gaseous 
substantially anhydrous hydrogen fluoride, in 
the gas- phase, at substantially atmospheric 
pressure and a temperature not substantially 

15 higher than 150** C, and in -the presence 
of a solid, activated carbon-pentavalent 
. antimony fluorochloride catalyst in which the 
antimony halide component has a composition 
corresponding to Sb FxCls-s m which x is at 

20 least equal to 2 but less than 5. 

2. Process according to daun 1 in which 
the temperature is 90— 130** C. 

3. Process according- to claim 1 or 2 in 
which the said catalyst contains at least about 

25 25% by weight of activated carbon and at 
least 10% by weight of antimony (e^ressed 
as Sb). 

4. Process according to any of claims 1 to 3 



in which the said catalyst contains 20 to 30% 

by weight of antimony (expressed as Sb). 30 

5. Process according to any one of the 
preceding claims in which, z is at least 3 
but less than 5. 

6. Process according to any of claims 1 

to 5 in which the mol ratio of hydrogen 35 
fluoride to l,l,2-trichloro-l,2,3,3,3-penta- 
fiuoropropane is from 2:1 to 4:1 

7. Process according to any of claims 1 to 5 
in- which the reaction is carried out in the 
presence of 0.1 to 0.5 mols of chlorme per 40 
mole of hydrogen fluoride. 

8. Process according to any of claims 1 
to 7 in which the reaction is carried out 
in a mbular reactor and the catalyst is in 

the form of granules having an average mesh 45 
size of an eighth to a tenth of the reactor 
diameter. 

9. Process for makmg l,2Tdichloro- 
1,1,2,3,3,3-hexafluoropropane substantially as 
described. 50 

10. 1,2 - Dichloro - 1,1^3,3,3 - hexa- 
fluoropropane when made by the process of 
any of the preceding claims. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14^ South Square, Gray's Lm, 
London, W.Cl. 
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